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Everlight Group in BriefEVERLIGHT

e Founded in 1972
1,200 Employees in world-wide
 Revenue: US $190 M (2008)

Invests 4906 of Revenue on R&D
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From Bionics to DSSC ~ »mn

Can laptops run on spinach ?

Integration of Photosynthetic Protein Molecular Complexes in Solid-5tate Electronic Devices

Nanoletters 2004, vol 4, pp 1079 - 1083
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Photosynthesis and Biomimicry EVERLIGHT

Artificial photosynthesis — Gratzel cell
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chlorophyll | i absorption | ruthenium complex dye & TiO,

charge transfer proteins e transfer | 110,

proton pump (Q-cycle) | hole transfer electrolyte

acceptor | e collection | SWFE (FTO glasses)

donor | hole collection | LWFE {platinum / carbon
catalyst layer)

Source : web.ncue.edu.tw/~ccource/data/Solar%20Cell.pdf

EVERLIGHT GROUP R&D Division Center for Passion and Innovation



Classification of Dye Sensitizers ™"

* Metal-free Organic Dye :
T High &, Bright(colors), Flexibility of molecular design
J Low Voc, Less durability
 Metal Complex Dye :
T Stability, Wide range absorption
J Noble rare metal, Less flexibility of molecular design

Teubomura et al, Natire Vol.261, 402(1978)
ZnJ + Rose Bengal

'Regan =t. al., Nature, Vol 353, 737(1991)
TiQ, + Ru Complex
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OrganlC Dye DeS|gned Mode| &veruci

D — 7 —A System |

N |
e e
DOW Spacer
B

I TiO,
Anode

Electrolyte 1

Conjugation moiety
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Model A series :

Pyrrole-based Spacers ™"

Pyrrole

LoBor~ Jotor=

A max - 437nm »472nm

~
@ A max - 475nm O :

* Pyrrole’s electron-rich property, inducing good charge transfer transition.
* Fluorene has good electron conductivity and stability.

A max - 475nm
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Pyrrole-based Spacers (cont.) ="

Carbazole

A max - 449nm A max - 462nm

*k Carbazole enable poor electron transition because it's
non-linear structure.
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Performance of Model A series Dyes F&UoH

Dye Voc (V) | Jsc (mA/cm?) FF N (%)
1 0.60 13.47 0.59 4.77
2 0.57 14.20 0.60 4.79
3 0.61 18.14 0.56 6.16
4 0.64 16.79 0.58 6.18
5 0.58 12.93 0.64 4.80
6 0.60 13.54 0.64 5.25

N719 0.72 16.08 0.63 7.19

aprLNE

Test conditions:

Active area: 0.25cm?
Light source : 100 mW/cm?
TiO, thickness : 15 gm
3X10*Min THF

| /15 Liquid electrolyte
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Optlcal Properties EVERLIGHT
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* Compound 3, 4 has strong absorption at CT band ,
so they have more better efficiency than other dyes.
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Selected Frontier Orbitals EVERLIGHT

* Excellent charge-shift effect for compound 4 .
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Photovoltaic Measurement Bt
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IPCE plots for DSSCs J-V curves of DSSCs based on
the dyes

 Compound 3, 4 has excellent quantum efficiency (IPCE)
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Conclusion of Model A series Dyes "™

Dye Voc (V) | Jsc (mA/cm?) FF 7 (%)
1 0.60 13.47 0.59 4.77 -
Test conditions:
2 0.57 14.20 0.60 4.79
1. Active area: 0.25cm?
3 0.61 18.14 0.56 6.16 2. Light source : 100 mW/cm?
3. TiO, thick 115
4 0.64 16.79 0.58 6.18 | 2 axapin o M
5 0.58 12 93 0.64 4.80 5. I/13 Liquid electrolyte
6 0.60 13.54 0.64 5.25
N719 0.72 16.08 0.63 7.19

* Pyrrole moiety have larger dihedral angle

* More efficient light-harvesting capabilities for 3, 4

*k Large oscillator strength f for 3,4 ( HOMO — LUMO transition )
* The efficiencies are 66-- 86% of the standard cell from N719
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Model B series :

CyanOVinyI En“ty Spacers EVERLIGHT

COOH COOH
Q -
/) \
524nm /1 1 478nm 1 498nm
Fluorene COOH |/x
— Pz

CN

CN |

4 A max - 482nm At 505NM

* Cyanovinyl : good electron-pull and charge-trapping effect
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Cyanovinyl Entity Spacers (cont.) *"
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Performance of Model B series Dyes P&

Dye Voc (V) | Jsc (mA/cm?) FF 7 (%)
1 0.57 13.43 0.64 4.92
2 0.59 11.40 0.64 4.28
3 0.56 11.43 0.65 4.15
4 0.58 11.00 0.69 4.34
5 0.55 9.56 0.66 3.48
6 0.58 11.96 0.65 4.51
7 0.61 12.48 0.64 4.81
8 0.56 11.56 0.62 4.04
9 0.55 9.24 0.68 3.48

N719 0.70 16.21 0.63 7.16

0N E

Test conditions:

Active area: 0.25cm?
Light source : 100 mW/cm?
TiO2 thickness : 15 ym
3X10*Min THF

| /15" Liquid electrolyte

% The efficiencies are 45-- 70% of the standard cell from N719
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Model Series C:
Fluorene-based Spacers "%

HOOC
2
R R
N\/\CN R;N\CN
HOOC R HOOC
4
eSOy SO
HOOC Hood
5 6

R . alkyl group

Arq : aryl group
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Performance of Model series C Dyes F&UoH

Dye | o /ilsgmz) Voo ) | FF | 7 )
1 6.28 0.61 0.66 | 2.54 st conditions.
2 8.40 0.60 0.63 | 3.5 [ 3 (hisouac 100 mwicm?
3 13.16 0.69 064 | 582 | 3 To2ihckness:isum
4 11.00 0.68 0.58 468 5. I''/15 Liquid electrolyte
5 10.28 0.69 0.65 | 4.90
6 10.30 0.70 0.63 | 4.58
N719 14.12 0.74 0.65 | 6.81

% The efficiencies are 37-- 85% of the standard cell from N719
(Patent filing on 2008 )
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Novel RUther“um dye EVERLIGHT
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*k Extend conjugated

chain ,
/

*LUMO energy !/
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Performance of New Ruthenium Dyes

EVERLIGHT

Jsc 0
Dye voc (V) (mAlcmz) FF 7 (/0) Test conditions:

ECIC1| 0.74 7.44 0.63 3.42 | L Activearea: 0.25cm?
2. Light source : 100 mW/cm?
3. TiO2 thickness : 6 yum

ECIC2 0.75 8.00 0.62 3.74 4. 3X10“M in CH,CN/ t-BuOH
5. 1715 Liquid electrolyte

ECIC3 0.78 8.22 0.64 4.09

N719 0.76 7.36 0.61 3.38

% The efficiencies are 101- 121% of the standard cell from N719
( 2 patents filing on 2008)
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The Global R&D strength in DSSC i

By Institute/Company

60
Patent Analysis :  |n
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By Country China S 20 B EE
(1]
D_ I I D B -
0
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18
Korea EET 3
1 [Fujikura Ltd, Japan 49
% Fuji Fhoto Film Co Ltd, Japan 36
Sharp Corp, lapan 36
USA 4 [NGK Spark Flug Co Lid, Japan 32
. Germany (1.15%) S |Mitsubishi Paper Mills Ltd, Japan 29
6 |sekisui Jushi Co Lid, Japan 28
Israe 7 s Eorea 27
Japan Ot ers 8 |Evocera Corp, Japan 20
9 |Mippon Qil Coiporation, Japan 25
10 Eridgestone Corp, Japan 23
11 (Tpk Corporation, lapan 23
12 |Electionics and Telecommunications Research Institute, § Korea 20
13 |Tovo Ink Mig Co Lid, Japan 19
“1: 14 |Eorica Minclta Eusiness Technologies Inc, Japan 18
EC I C haS 5 patents are fl I I ng ' 15 |Eonica Minclta Holdines Inc, Japan 18
16 |sony Corp, Japan 17
17 |Mippon Kayaku Co Ltd, Japan 16
Data analysis - 2009/04 by ECIC 18 |Teijin Du Pont Film Inc, Japan 16
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Future concern on DSC

--world -wide cooperation and connection “""

. National Chiao_Tung_L_Jniversity

F fxl.l
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EVERLIGHT
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